Low temperature (T=2K) optical reflection spectra have been studied for the organicsemiconductor structures prepared by deposition of Langmuir-Blodgett films on CdS surface.
Introduction
Over the past few decades, there has been a steady interest in development and improvement of optoelectronic devices based on organic-semiconductor structures [1, 2] . A number of researches have been reported in the literature [3] [4] [5] [6] which consider such "hybrid" objects in light of the resonant interface interaction between the Frenkel exciton in organic material and the Wannier-Mott exciton in semiconductor. It was pointed [6, 7] that at an optical excitation of the contacting organic and semiconductor media a hybrid state of the two type excitons can be created.
In the present work, we studied the excitonic specular reflection spectra of CdS crystals covered by Langmuir-Blodgett films, both experimentally (T=2K) and theoretically. The planar organicsemiconductor structures were prepared by deposition of mono-and multilayer films on the single cadmium sulfide plates (CdS substrates). The spectra under study are found to strongly depend on the number of organic monolayers deposited on the crystal surface. Appropriate theoretical analysis was carried out making use of a multilayer model for light reflection taking into account the near-surface crystal "dead" layer for excitons [8] and spatial dispersion effects. A technique based on the boundary conditions (BC) statement including Maxwell's BC and additional boundary conditions (ABC) was developed. For ABC we used generalized additional boundary conditions (GABC) which are written as the vanishing of a linear combination of the excitonic polarization and its spatial derivative at the dead layer inner interface. It was found that standard (classical) Pekar's ABC don't allow one to reproduce in calculations the most significant spectral features observed experimentally in reflectivity. The organic monolayer Langmuir-Blodgett films layered on CdS crystal plates were prepared from 4nitro-4'-N-octadecylamineazobenzene (NAB), the thickness of every monolayer (ML) being about 2.7 nm. The CdS crystals playing the role of substrates were pre-selected so that their resonance reflection spectra in the region of the exciton state An=1 were well described by the standard model of Hopfield and Thomas (Pekar's ABC on the inner surface of the near-surface dead layer) [8] . Reflection spectra were measured for the samples placed in a cryostat with pumped vapors of liquid helium (T=2K) in the ~2545-2560 meV range.
Experimental results and theory
The geometry of the reflection experiment is schematically shown in figure 1 . Such a geometry corresponds to oblique incidence of p-polarized light at an angle  with the electric field vector E being perpendicular to the optical crystal axis C6 which in turn is parallel to the crystal surface plane. The electric vectors 0p E and p E for incident and reflected light, respectively, lie in the XZ-plane of
incidence. An organic film ( 32 Z Z Z  ) of the thickness F L covers a semi-infinite semiconductor crystal ( 2 ZZ  ) with the exciton-free dead layer ( 21 Z Z Z  ) of the DL L thickness. In figure 1 , the organic NAB film is implied (as an example) to consist only of two monolayers. The space region 3 ZZ  belongs to outer medium of the permittivity being equal to unity.
It is important for our consideration that configuration of the polarization 6  EC is used because for this polarization the optical transition to the exciton state An=1 does allowed in dipole approximation whereas for 6 || EC the transition is forbidden. As for optical properties of the NAB film, it is worth to note that the film exhibits rather high absorptivity in the relatively wide spectral range from ~2. . For comparison, we show here the result of theoretical calculation (2dashed line) based on the Hopfield -Thomas classical approach [8] with an additional account of the NAB film covering the CdS surface. As seen from such calculation, the reflection contour 2 demonstrates a typical shape which is observed usually for more perfect as-grown CdS crystals. The reflection coefficient R first increases smoothly with increasing frequency reaching a maximum value at about 2553 meV. Further, as the frequency increases, there is a rapid decrease in R 3 and an additional (anomalous) structure is formed in the region of the main reflection minimum, against the background of which a narrow reflection peak (spike) appears. The spectral position of the spike at small angles of incidence practically coincides with the frequency L  for the longitudinal exciton with the wavevector
Such a behavior of the theoretical curve describes, at least qualitatively, all the spectral features registered in the short-wave part of the experimental spectrum to the right of main maximum. However, to the left of this maximum (on the long-wave shoulder of the spectrum) one can select a remarkable difference between theory and experiment. Namely, an additional maximum in the reflection experiment is manifested at the frequency s   2548 meV whereas the conventional theoretical model does not allow such a maximum to be revealed.
In order to describe theoretically our experimental data we addressed the problem by generalizing ABC when writing them for the excitonic polarization P at the interface 
 
Then the GABC (1) gives for the amplitude ratio at For the discussed localization of excitonic polarization, the choice of a specific angle of incidence is not critical. The effect of the organic film thickness on the reflection spectrum shape at different angles of incidence is noticeable and is quite expected. The measurements at 0 45   are presented here due to considerations of experimental convenience, and, on the other hand, to the possibility of analyzing the spectra in the framework of the GABC for the case of oblique incidence of light when along with transverse polaritons one needs to take account longitudinal exciton states.
Conclusion
Low temperature reflectance spectra of semiconductor CdS crystals covered with organic films are remarkable sensitive to the film thickness and demonstrate the peculiarities that are not described satisfactory in the framework of the standard Pekar-Hopfield theory based on Pekar's additional boundary conditions (ABC) and the exciton-free "dead' layer model. An additional reflectance peak is observed on the low-frequency shoulder of the reflection counter formed by the lowest Wannier-Mott exciton state in CdS. To understand the nature of appearance of the extra spectral features registered we developed a theory considering the generalized ABC (GABC) which look as vanishing a linear combination of the excitonic polarization and its spatial derivative at the interface between the bulk crystal and exciton-free "dead' layer.
The parameters of GABC are shown to determine conditions for a strong near-surface localization of the excitonic polarization. Such localization corresponds to specific states of the Wannier-Mott exciton with a certain eigen frequency and lifetime depending on the GABC parameter values. Since the Langmuir films used are characterized by a noticeable absorption in the vicinity of the resonant optical transition to the considered exciton state of CdS crystal, it is very likely that the Frenkel molecular exciton in the organic film and Wannier-Mott exciton in the semiconductor crystal can create a hybrid state at the interface between the organic and semiconductor materials.
